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Obituary Notices
During the war of [1914] [1915] [1916] [1917] [1918] Topley served in the Near East (February to June 1915) and was an eye witness of the epidemic of typhus in Serbia, a catastrophic event which directed his thoughts to the study of epidemiology.
Topley, although he did row for the Lady Margaret Club for a year, was not in the conventional sense an athlete, but he loved the open country and liked to be near the water. He enjoyed boating-canoe, skiff, punt and later in life larger sailing craft-and most of his friends will recall his and their own pleasure in trips on a sailing boat with auxiliary motor.
His general reading was wide, particularly in branches of science related to his own field of work. Like many other men of science he enjoyed detective fiction-this taste waned in his later years-but I think he read novels for amuse ment, was bored by psychological novels and sceptical of the claims of what is vulgarly called 'high brow' literature. This does not mean he was inattentive to literary form. He eschewed airs and graces but became master of an admirably clear style, particularly in his lectures and addresses.
Topley's first paper was published in 1911 and down to 1919 his bibliography records fourteen titles; the work done was in part clinical pathology, in part 'pure' pathology; of its merit only those with intimate knowledge of the subject matter can be judges. In 1919 he broke fresh ground and the Goulstonian lectures of that year mark an epoch in Topley's intellectual life. The Goulstonian lectures of the Royal College of Physicians are assigned to a junior fellow of the College and it is not disrespectful to Topley's predecessors to say that very few of their prelections are as memorable as his, although a statistician may except the lectures of Francis Bisset Hawkins (1829) which, if not original in substance, did point out a new way of medical research.
Topley's war-time experience of epidemic typhus in Serbia had turned his attention to the study of epidemiology and he found the literature of the subject profoundly unsatisfying. Of course popular classifications of types-the typical Englishman, the typical Cambridgeman and so on-are subject to hosts of exceptions, but most popular opinions have some basis of truth, and the dichotomy of philosophical minded Oxonians and exact minded Cantabs., has, or had, justification. Thomas Sydenham, acclaimed the father of epidemiology by most medical historians, was an Oxford man in the typical sense and Topley was almost typically a Cambridge man. Sydenham is not known to have been attracted by the work of this Society, and his pathology was purely Galenical, although as a clinician he was the standard bearer of a revolt against Galenical authority. Topley found no epidemiological merits in the writings of the 'English Hippocrates' and, although the literary skill of Charles Creighton and the erudition of August Hirsch impressed him, the facts that Hirsch belonged to the pre-bacteriological age, that Creighton jeered at bacteriology and both writers propounded epidemiological hypotheses quite certainly false, led him to the conclusion that orthodox epidemiology was little better than a blend of folklore and mythology, only to be transformed into a science by turning it into a branch of experimental biology. There were indeed before Topley a few writers who had studied the data of human epidemics by a method and in a spirit fit to secure his approval. William Farr, who if not the first writer to think of an epidemic as an event capable of precise intellectual apprehension -Galen had reached that position-was one of the first to believe that the law of its evolution could be numerically expressed. The train of thought which led Farr to formulate his 'laws' can only be guessed; it seems likely that his manner of approach was empirical, suggested by actuarial methods of graduation. It would have been evident to him that the graduation of such a frequency distribution as the successive numbers of deaths in equal intervals of time through an epidemic by expressing the mid ordinates as orthogonal functions of the time might lead to absurd results from the point of view of extrapolating, viz. of predicting from the experience of a few days or weeks the date when the epidemic would decline. But if, instead of taking the number of deaths as the dependent variable, one took the logarithm of that number, then the results need not be biologically absurd by involving at some point in time negative frequencies. 1918, 86 et seq.) . This was, I think, an important contribution to the quantitative study of epidemiology, some of the corollaries of which deserve further notice but the discussion would not be in place here because Topley had not read Brownlee's mathematical papers and was repelled by his general philosophy, although he did appreciate the particular case of symmetry and Brownlee's interpretation of it. Actually, few epidemic curves approximate at all closely to the form of the normal curve of the error. Of the thirty-three epidemics used by Brownlee, only four gave values of less than 0-1 with between 2-8 and 3-2, but sixteen were approximately symmetrical (/3X <0-1). This is not surprising; the hypothesis of a normal distribution involves not only an assumption that the time during Which one person can infect another is very short and that the population exposed to risk is, relatively to the number of infections, very large, but that the epidemic has no effect on the spatial distribution or means of protection of the people. Indeed one might be surprised that even so many as 4 in 33 showed a certain approximation to the normal curve and be impressed by the symmetry of almost half the distributions. We are dealing with material subject to gross inaccuracies, collected in different centuries by persons of varying competence whose evidence cannot now be scrutinized. In the circumstances it is rather the approach to verification of quite simple hypotheses than the discrepancies which might thrill a young reader who, if he had a lively faith in the experimental method, might expect in the clearer atmosphere of a laboratory to replace the confused arithmetic of deceased parish officers by precise records of accurately defined and carefully observed infections. In his first Goulstonian, Topley posed as the three fundamental problems of epidemiology, first that of the interval between epidemics or pandemics, next that of the awakening into activity of the virus and lastly, the sequence of events in the epidemic itself.
'Any tenable theory must thus explain the constant presence of a specific cause of disease through long periods of time, the periodic reappearance of the disease in epidemic form and the characteristic form of each such wave of disease in its rise, crest and subsidence, leading to another disease-free period/ In his second lecture, Topley took up the study of an epidemic curve, the symmetry of this was, he thought, its most striking feature. We have already seen that, in a literal sense, symmetry is not a general characteristic of epidemic curves; this does not, however, weaken the force of Top ley's arguments. He remarked that three hypotheses could be proposed, an increase in the power of the parasite to cause disease, a decrease in the resistance of the host, a change in surrounding circumstances favourable to the spread of the disease. He was naturally aware that the hypotheses are not mutually exclusive and the import ance of the third explanation in particular epidemics-for instance in food or water conveyed diseases-was great, but held that, broadly speaking, an increase in pathogenicity of the specific parasite was the principal factor. He noted that 'infectivity' should mean the biological attribute which enabled a parasite when transferred to a host to give rise to the sequence of events which constitutes an attack of disease and was not a synonym of virulence which had come to mean the power of a parasite to multiply within the tissues of the host. Pathogenicity is the power of producing disease irrespective of the mode of action, it can be applied to organisms which never cause extensive tissue invasion as well as to those which give rise to a generalized infection.
Topley passed to the description of his first contribution to experimental epidemiology. This was a study of changes in the pathogenicity of strains of B.
Danysz. Mice were given small pieces of bread soaked in a twenty-four hours' broth culture; from the organs of those which died cultures were made and similarly fed to another batch and the chain extended. The chain had twenty-four links, 197 mice died and the time of observation was several months. Evidence of variation, an increase of pathogenicity usually followed by decrease, was obtained. Next he passed to an experiment in which the conditions of exposure were more akin to natural conditions. Mice were fed on a strain of B. Danysz and transferred to a clean cage to which, at varying periods, normal mice were added. It appeared that a large proportion of the mice added at an early stage of the infection of original inhabitants became infected, but that those added later tended to escape. The suggestion that infectivity was lost is clear and Topley emphasized the fact that a strain which produced no illness when taken with the food was fully virulent when inoculated into the peritoneal cavity.
In these lectures Topley drafted the programme of what was to be the principal work of his career as an investigator; whether he had already realized the need of a statistical technique I do not know but very soon after he was certainly alive to the importance of finer arithmetical analysis than the lectures contained. I think he approached Brownlee but did not find him emotionally sympathetic, at least when I met Topley he firmly rejected my suggestion that Brownlee, whose mathematical work was important and whose knowledge of the literature of epidemiology was profound, should be his counsellor.
Our acquaintance began in Hampstead a year or two before Topley was promoted to Manchester and it was in his Northern homes at High Lane and afterwards at Buxton that intellectual sympathy ripened into real human friend ship. Now that we are all psychologists, it is trite to say that men intellectually mature vary in emotional age and great leaders who inspire others have the emotional drive of children. Stock examples would be the elder Pitt and Horatio Nelson. There was some of this disparity in Topley whose gift for inspiring the enthusiasm of his younger colleagues reminded me of the story that every officer came away from an interview with Mr Pitt convinced that Mr Pitt was the greatest man in the empire and he himself the next greatest. Topley had none of the theatricality of the Great Commoner and of Nelson, but perhaps he did oversimplify issues and expected more from particular methods than an emotionally older man would have done. He was at once confident and intellectu ally self distrustful. Very few men whose education has been wholly on biological lines escape a conviction that 'mathematics' are beyond them, they may com pensate by deriding mathematics or by respecting mathematics too highly. Topley fell into the latter class. He was very busy and, in this matter, self distrustful. He did not himself intensively study modern statistical methods and perhaps, as years passed suffered some disillusionment. The Harben lectures of 1926 are an enthusiastic profession of faith in the application of statistical methods to bacteriological and epidemiological problems. His work on what would now be called biological standardization is evidence of originality and insight but has been superseded by more refined mathematical-statistical techniques due to Trevan, Gaddam, Irwin and others. He also discussed the measurement of epidemicity, viz. the characters of a bacterial strain which enable a parasite to spread rapidly among a population at risk and give rise to many cases of disease within a~short time. He suggested that the mean duration of life over a finite period-what actuaries would call the limited expectation of life-was a suitable measure of host reaction. This measure was extensively employed in our joint work. Its disadvantage is that when the interval is short-it was usually sixty days-the frequency distribution will tend to be J-shaped if the rate of mortality is low; that, however, does not happen in infected groups so that the sampling distribution of means of samples of twenty or more approximates fairly well to the Gauss Laplace form.
Between
The judgment of a collaborator on the value of his work cannot be objective; it must be coloured by individual predilection and, within the limits of an obituary notice, detailed evidence cannot be cited. I shall try to answer the question: How much of the programme which the Goulstonian Lecture of 1919 drew up did he carry out?
The first item, to devise an adequate laboratory technique for the experi mental study of epidemics, was brilliantly executed. By brilliantly, I do not mean rapidly; in one sense Topley was impatient of delay and thirsted for results, but he could bear disappointments with the equanimity of a Marlborough and the admirable technique of experiment he has bequeathed was built up slowly. The present technique is not fool-proof and there may be weak points which accident has not yet tested. But it is, I think, true that now any careful person who follows Topley's prescriptions and has adequate material resources could do valuable work in experimental epidemiology. The reason for italicizing words in that sentence will be apparent later.
Next, adequate proof has been given that some important features of natural epidemics can be produced at will under experimental conditions. In a discussion on one of our earlier papers, it was said that 'this pasteurellosis is just measles over again . . . the problems which (we gather) are now to be faced by the new science are identical with those the old epidemiologists have been hard at work on since the Stone Age'. {Roy. Soc. Med., Sect. Epidem. February 1926.) The resemblance between the epidemiology of a pasteurellosis infection and measles is no closer than between Monmouth and Macedon, but, had the remark been true, it would have been high even if unintended praise. I believe it might, with some modification, have been justly applied to the work on Ectromelia infections done many years later. Unless an experimental technique does broadly reproduce the phenomena of naturally occurring epidemics its value to the practical epidemiologist must be small. The inescapable weakness of the experimental method in epidemiology is that we cannot completely reproduce natural phenomena, for the animals under experiment lead abnormal lives and, even if we could surmount this difficulty, an application of the results to human communities proceeds by way of analogy and comparison n'est pas raison. This difficulty, however, is not peculiar to epidemiology; it is felt throughout experimental pathology.
If one examines modern methods of biological assay, for instance Gaddum's memoir {Med. Res. Counc. Spec. Rep. no. 183) one finds a statistically adequate technique of measuring quantal response on particular animals. It can be said that the resulting mathematical functions may not describe at all satisfactorily the biological events occurring in another species, especially in Homo sapiens. All biologists would agree but reply that there is at least an analogy and that perhaps the time may come when, by the introduction of new variables, a suitable transformation will produce formulae directly applicable to the species we desire to study. This may be said of experimental epidemiology and in the earlier years of the research attention was focussed on gross phenomena. Was it true that the potentiality of an epidemic remained in a herd into which materies morbi had been introduced once but which thereafter was jealously guarded against a reintroduction of infective animals? In the increasing resistance of survivors as their length of days increased did the weeding out of the 'unfit' by death or active immunization play the greater part? Was an epidemic outburst precipitated by (a) a mutation of the organism, a change in the resistance of the animals at risk, ( c) some change in the composition of the herd itself analog to the heaping up of susceptibles which partly accounts for the periodicity of human measles, as Hamar and Soper demonstrated? Of course (b) and (c) are not mutually exclusive categories.
I think the range covered in Topley's work permits one to answer the first of these questions with a fairly confident 'yes'.
To the second question we can answer with reasonable assurance that, while both factors are involved, in the stock used and for the range of infections studied, active immunization had the greater importance. With respect to the third question, the range of observation was too small for confident generaliza tion and that brings me to an important point. I stressed earlier the need for material resources in experimental epidemiology. Its study is costly in money and time; in the twenty years of our works thousands, perhaps hundreds of thousands of mice have been sacrificed. Although it is a truism that no number is great or small except by comparison with another number, we are impressed by large figures, and forget the truism. One thousand mice is a large sample of mice if we are studying an individual biometric measurement. But in experi mental epidemiology it is not an individual but a group which is the unit and the 1000 individuals may provide us with only one group-observation to make which required many months of study. The sample of group-observations we assembled in twenty years was, statistically speaking, a small sample. One remembers Olive Schreiner's noble allegory, The Hunter; no individual can gather more than a feather from the plumage of the bird of truth; it will be the work of many generations to weave the net of truth which can hold truth. The great arcana of epidemiology are still secrets. In 1941, Topley, looking back on yo6 Obituary Notices his work, gave in the Croonian Lecture his farewell retrospect. First he spoke of the effects of varying the number of entrants to an infected herd and expressed this opinion:-'All our evidence suggests that, with rates of addition higher than have been practicable in our experiments, we should attain a steady rate of mortality and a stable population, the daily deaths equalling the daily additions. This means only that such a system has no inherent tendency to fluctuate under natural conditions. There is no evidence that the parasite waxes or wanes in its relevant biological properties as it passes from host to host, or that the hosts pass through any periodic variation in resistance. Nor does the infection ever die out. We must search in other directions for the factors that determine the rise and fall of epidemic waves. ' He then turned to our last experiment, which had not been described in full before. We sought to determine the effect on epidemicity of changing from continuous to discontinuous contact. We started with twenty-five mice infected with mouse typhoid and 100 normal companions. Thrice a week the whole company were assembled in a large cage and two newcomers admitted; 'school' lasted for four hours and the pupils were then returned to isolation. An epidemic began but soon died away, the population rose and by the 149th day had reached 180. The conditions were then changed and all the mice brought together into a single large cage, a boarding school. Within a few days deaths occurred, an epidemic began which reached a maximum on the 50th day, and after subsidence the mortality rate continued to be high so that by the 289th day the population had fallen to 44 although 6 entrants were admitted each week. On day 290 the herd was separated and the day school conditions resumed. The death-rate fell and the population rose. On the 767th. day the boarding school was re assembled; a major epidemic began within 15 days and within 30 the population had fallen from 150 to 20. Shortly after this, our work came to an end. One sees in this experiment a striking response to simple change in the continuity of contact without the introduction of any new source of infection. Topley then spoke of the effects of dispersal, the analogies of our experiments with the experience of boarding schools and with the remarkable changes associated with the evacuation of children from target areas during the war. . . . 'The lesson to be drawn from this is, I think, the following: It is quite certain that movements of susceptible and infected hosts in relation to one another, and aggregations or dispersals of human or animal herds, apart from any introduction of new infection, are sufficient to induce major changes in the incidence of many infective diseases. In considering the relation of any environmental factors to the rise and fall of epidemic waves, it will be always wise to determine in what way they affect the movement and distribution of the hosts at risk. ' 'Equally, when we attempt to lessen the incidence of an infective disease, it will be wise to consider carefully whether any practicable changes in the habitual movements and distribution of infected and susceptible hosts will lessen the contact between them. ' After speaking of immunization, natural and artificial, Topley remarked that 'it is probable that changes in the spatial distribution of the hosts at risk, and changes in the proportion of susceptible and resistant hosts resulting from natural immunization, together account for many, perhaps most, of the periodic or repetitive fluctuations in prevalence observed under natural condi tions in those epidemic systems in which infection is spread by direct contact and in which no insect vectors or alternative hosts are involved'. Having spoken of varying epidemic potency in different strains of the same parasite and the effects of genetic differences in resistance within a single host species, his final sentences were:-'The biological system on which any endemic or epidemic prevalence depends is an unstable equilibrium, shifting now to the advantage of the parasite, now to that of the host. As we reduce the frequency of effective contact, we reduce the mass of infective material on which the probability of further diffusion in part depends. If we can tip the balance far enough the system itself will do the rest, and the disease will be reduced to negligible proportions, or even disappear. ' This instability of equilibrium impressed itself upon us throughout the research. More than once we seemed to have reached a steady state-a stationary population-which had lasted so long that stability seemed assured, yet a dramatic change occurred.
A good example was our experience with the virus disease Ectromelia. Here effective stability had been maintained in a herd for more than twelve months, a very long time in comparison with the average life span of mice who are inhabitants of an infected community and have an expectation of life at entrance of only a few weeks. Following the heat wave of August 1932 some of the mice died, apparently of heat stroke, and within a few weeks a murderous epidemic broke out which reduced the population from 262 to 66. It seems clear that a slum population-a herd of mice under experiment is well fed, but however palatial its quarters, crowds so closely that it can properly be described as a slum population-always lives in a state of very unstable epidemiological equilibrium.
I think it will be agreed that Topley did carry out a very substantial part of the programme he set himself and has left foundations upon which others can build. Whether others will build is a question it would be out of place to discuss here; experimental epidemiology is not a path of research to be recommended to those who pant for quick and dramatic results. I am not even sure that the results already attained have been fully applied, for instance in the interpretation and possible control of epidemics in farm stock. Had Topley been spared to serve the Agricultural Research Council longer this would have been changed.
Although almost half the titles in Topley's bibliography relate to experimental epidemiology and many others are partly concerned with the subject, his activities in other fields would have made up what most would consider a busy life. With his friend and colleague Wilson he wrote a treatise on bacteriology which has become a standard work and in a separate volume he expanded and partly rewrote what had been said in the joint work on immunology.
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An examination of this treatise will give a reader a good idea of Topley's intellectual quality. The book is not light reading; one may doubt whether many medical students could master it if read in such leisure as the demands of more paying (in the sense of mark-earning) subjects of the curriculum leave. In addition to the detail of a complex laboratory technique and of inferences which require more knowledge of physical and organic chemistry than all medical students have, Topley leaves no doubt of the importance of statistical reasoning. A statistically trained reader will, of course, find the argument easy to follow and possibly think it should have been pursued further. Anybody who has tried to teach medical students, or even graduates, the elements of statistical theory and therefore knows the difficulties they have, will think that Topley expected high intellectual courage of his general readers.
The story of Topley's scientific life has now been brought down to the time when life was darkened by a feeling of impending calamity; Topley had already shown ability as an administrator and his services on committees were increasingly valued.
Even earlier than 1939 it was plain that war was imminent and Topley took a leading part in the organization of emergency laboratory services the work of which has not only been of great practical value but has enabled much research to be continued; the outbreak of war, however, brought to an end the studies v;hich for twenty years had been his greatest intellectual interest. My intercourse with him became occasional and I heard of his appointment to the Secretaryship of the Agricultural Research Council in 1941 with a surprise which reflection modified. Topley was a delightful companion whose range of intellectual interests was wide and his comments on life and literature were always pertinent, but he was never deliberately self revealing. Once, however, early in our friend ship, when the great adventure in Keppel Street was about to be launched, he said that he looked forward to fifteen to twenty years of active work, but not more because few of his family lived much beyond sixty. I dare say I reproved him for drawing an inference from a statistically inadequate sample and he never mentioned the subject to me again. I have since had reason to believe that the foreboding meant more to him than I had supposed. It was certainly obvious to him that the resumption of experimental epidemiology could not be possible for years and that he was not likely to enter the Promised Land. So he decided to use his strength of intellect and genius for encouraging younger men in an administrative post. The decision was fatal in all senses of the word. Being what he was, he inevitably did his duty and, being what he was, overstrain was inevitable. There is concordant testimony that he was an excellent administrator and universal regret that he should not have been spared to bear a part in after war reconstruction.
Cicero referring to the sudden death of a predecessor whom he intensely admired: 'Fuit hoc luctuosum suis, acerbum patriae, grave bonis omnibus; sed ei tamen rem publicam casus secuti sunt, ut mihi non erepta L. Crasso a dis immortalibus vita, sed donata mors esse videatur', and it is natural for a friend to seek some consolation in such a thought. As an inspirer of young men and a collaborator of those with whose methods of intellectual approach he sympathized, Topley had no superior. But when reconstruction is no longer a wish but a reality, any scheme must bear the brunt of criticism based upon considerations which Topley might have found it hard to appraise sympatheti cally; perhaps Topley might not have lost courage-he would never have done that, in his scientific work he bore cruel disappointments with perfect good temper-but have become bored, the word sounds trivial, but expresses my meaning, possibly 'frustrated' is the appropriate term. 'Nature' is harsh, answer ing the questions put and only those; but the man able to ask the right questions is not frustrated by human stupidity. The consolation, however, is very small, a speculation is a poor exchange for the certainty of immediate good work. The careers of very few men have received or deserved the approbation which all competent to judge accord to that of Topley; his researches will inspire those who never knew him and to his personal encouragement many will owe the happiness which the right use of natural abilities brings.
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